The random regression model methodology was applied into the estimation of genetic parameters for body weights in Chinese Simmental cattle to replace the traditional multiple trait models. The variance components were estimated using Gibbs sampling procedure on Bayesion theory. The data were extracted for Chinese Simmental cattle born during 1980 to 2000 from 6 national breeding farms, where records from 3 months to 36 months were only used in this study. A 3 orders Legendre polynomial was defined as the submodel to describe the general law of that body weight changing with months of age in population. The heritabilities of body weights from 3 months to 36 months varied between 0.31 and 0.48, where the heritabilities from 3 months to 12 months slightly decreased with months of age but ones from 13 months to 36 months increased with months of age. Specially, the heritabilities at eighteenth and twenty-fourth month of age were 0.33 and 0.36, respectively, which were slightly greater than 0.30 and 0.31 from multiple trait models. In addition, the genetic and phenotypic correlations between body weights at different month ages were also obtained using regression model. (Asian-Aust.
INTRODUCTION
Simmental cattle were introduced into China at the beginning of last century for improving the Chinese local yellow cattle, which have become the so called Chinese Simmental. In the past two decades, the open nucleus breeding system was established to develop the dairy-beef type Simmental breed so that the body weights became as important as the milk production in the breeding project. However, in practice, only the body weights at eighteenth and twenty-fourth month of age were genetically evaluated using multiple traits model. The records for genetic evaluation included the real body weights at eighteenth and twenty fourth month of age and the estimated body weights adjusted to eighteen and twenty four months of age. Such genetic evaluation did not take those body weights into account except eighteenth and twenty-fourth month of age, and more estimation error arose from the adjustment of body weights.
The random regression methodology (Henderson 1982; Schaeffer et al., 1994) has been proposed for modeling traits that are measured over time, such as milk production, growth traits, survival data, fertility and genotype by environment interaction (Schaeffer 2002) . Covariance functions (Kirpatrick et al., 1990 ) model the phenotypic, genetic and residual variances and covariances between measurements on a trait taken over time. Meyer and Hill (1997) have shown the equivalence between random regression models and covariance functions. The theoretical aspects of random regression models (RRM) have been discussed by Crowder and Hand (1991) . A key element in a RRM is the function submodel for the random regressions, which can result in quite different estimates of genetic parameters (Misztal et al., 2000; Guo, 2002) . The orthogonal polynomials were used often, because the correlations between parameters are lower than with other functions. One choice is the normalized Legendre polynomial (Kirpatrick et al., 1990) .
The objective of this study was to apply the random regression methodology to estimate the genetic parameters for body weights of Chinese Simmental and to compare the estimates from such model with the traditional approach.
MATERIALS AND METHODS

Data
Records for body weight, calving data and pedigree information were extracted for the Chinese Simmental cattle born during 1980 to 2000 from 6 national breeding farms. The raw data had about 10,000 records for body weight. In the editing process, the records at less than 3 months of age were deleted from the raw data set to avoid effect of common environment from dam on birth and weaning weights (Meyer, 2000; Albuquerque et al., 2001) . Body weight records at greater than 36 months of age were also deleted because they were not the traits of interest and there were few records at those months of age. In order to decrease disequilibrium of data as more as possible, the calving time period was divided into 2 levels (1980 to 1990 and 1991 to 2000) , the season of calving was divided into 3 levels (Nov., Dec. Jan. and Feb. as level one; Mar., Apr., May and Oct. as level two and the others as level three), and 23 classes of THSS were defined after the THSSs less than 50 records were deleted from the combinations (THSSs) of time period (T), herd (H), season of calving (S) and sex of calf (S). Then a total of 6,379 records on 2,208 Chinese Simmental cattle and 10,568 animals in pedigree were used to estimate the genetic parameters for body weight.
Submodel
The Legendre polynomial was chosen to describe the growth curves of Chinese Simmental. The function is 
Random regression model
The single-trait RRM for body weights was Where y ijt is the body weight at t months of age on j individual belonging to subclass i of (THSS); β km are fixed regression coefficients; a jm are the additive genetic random regression coefficients which are specific to each individual in the pedigree; p jm is the permanent environmental random regression coefficients which are specific to each individual with record; e ijt are the residual effects for each observation.
In matrix notation the model can be written as e Qp Za Xb y + + + =
Where b denotes the vector of β im , a is the q by 1 vector of random regression coefficients for each individual in the pedigree, p is the q by 1 vector of permanent environment effects for individuals with records. e is the vector of residual effects and X, Z are Q the incidence and covariables matrices. Assume that
where G is the q orders covariance matrix of random genetic regression coefficients, assumed to be same for all individuals; A is the additive genetic relationship matrix among the individuals in the pedigree; I is a indentity matrix; P is the q orders covariance matrix of the random permanent environment coefficients; and R is the diagonal matrix with different residual variances were allowed for different time intervals within measuring period, defined as 3 to 12 months of age, 13 to 24 months of age, 25 to 36 months of age, and Residual effects on different months of age were uncorrelated both within and between individuals.
Estimation of parameters
The Gibbs sampling agorithm described by Jomrozik and Schaeffer (1997) for a single trait RRM was implemented for this study. Covariance matrixes of additive genetic, permanent environment random regression coefficients and residual variances of RRM for body weight were estimated using GIBBS via DMU package (Madsen and Jensen, 2000). 50,000 and 30,000 rounds, respectively, for total iteration and burn-in period were given in editing DRIVE FILE of DMU, i.e., a single chain length 50,000 was generated where the first 30,000 iterates of the chain were discarded as the burn-in period and remaining 20,000 iterates were used for the estimation of means of the marginal distribution of the variances and covariances components as described by Sorenson et al. (1995) . Covariance functions for genetic and permanent environment effects can be established, respectively, as Where .
Then, let i=j, the estimates of genetic and permanent environment variances for body weight at the given month age i were obtained, respectively, and likewise, if i≠j, the estimates of genetic and permanent environment variances for body weight between the given month age i and j were also obtained then.
Heritibility at the given month age i was calculated as
The phenotypic covariance functions is
RESULTS AND DISCUSSION
Choosing a submodel
In order to choose a submodel, three steps were adopted: firstly, a visual inspection of the phenotypic means of body weights plotted against months of age was used to determine the possible order of Legendre polynomial that fit this plot; secondly, the selected possible orders of Legendre polynomials were fitted to the means and statistical selection criteria were obtained; and finally, comparing statistical selection criteria, an appropriate order of Legendre polynomial was defined as the submodel in the random regression model. In this study, the 2, 3, 4 orders Legendre polynomial, respectively, were fitted to the body weight means. Their function and multiple correlation coefficients were obtained as follows: 
Note that below each regression coefficient is its standard error.
This shows that all of the three Legendre polynomials gives a high R (greater than 85%) and the R slightly increased as the order increased. However, because the 4 order regression coefficient was not significantly different from zero (p>0.20), the 3 order Legendre polynomial was determined thus as the submodel in the random regression model for body weights of Chinese Simmental, which fitting result was shown in Figure 1 .
Estimating parameters
The estimates of the means and the standard deviations of the posterior distributions of variances and correlations for the random regression coefficients were given in Table 1 . The variances of random regression coefficients of the genetic and permanent environment effects on the first and second order Legendre polynomial were high significantly different from zero, as well as the third order Legendre polynomial of the permanent environment effect. But the third order Legendre polynomial of genetic effect was not significant. The estimates of genetic, permanent environment, residual variances for body weights over months of age were shown in Figure 2 . The plot of genetic variances against months of age was similar to of the permanent environment but their magnitudes are different, as the results in studies on Nelore cattle (Albuquerque et al., 2001) . The residual variance was greater at middle months of age. More time intervals within measuring period could be defined to accurately estimate residual variance under the condition of large sample in future study.
The heritabilities of the body weights from 3 to 36 months of age varied between 0.31 and 0.48, where the heritabilities from 3 to 12 months of age slightly decreased with months of age but ones from 13 to 36 months of age increased with months of age; the ratios of the permanent environment before 24 months of age were greater than corresponding heritabilities (see Table 2 and Figure 3) .
The estimates of and the phenotypic correlations between particular months of age for body weights were given in Table 3 . The correlations between body weights at months of age that were close together were higher than those that were farther apart. All phenotypic correlations were greater than corresponding genetic correlations, and both phenotypic and genetic correlations were positive, as has been reported in other studies on cattle and pig (Meyer, 2000; Albuquerque et al., 2001 ; W. Z. Liu et al., 2002) . 
Comparing with traditional method
Traditionally, the genetic parameters of body weights at eighteenth and twenty-fourth month of age were only estimated using multiple traits model for genetic evaluation. Two estimates of the heritabilities of body weights at eighteenth and twenty fourth month of age were calculated by utilizing the records between twelve and twenty-four months of age (Ren, 2001) , which were 0.32 and 0.36, respectively, which were a little difference with 0.31 and 0.48 from random regression model.
CONCLUSIONS
A preliminary application of random regression model to estimate the genetic parameters of body weights in Chinese Simmental cattle were carried out for replacing the traditional multiple trait models. A 3 orders Legendre polynomial was defined as the submodel. Theoretically, the random regression model was performed to be better than the multiple trait models. However, large records should be required to obtain stable estimates.
